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ABSTRACT 


From analyses of 22,087 vertebral counts, embracing 12 consecutive year-classes and five 
contiguous areas along the west coast of Vancouver island, it is concluded that more than one 
population of herring is present, that each area, with the possible exception of one, has an essen- 
tially separate run, and that mixture or interchange between areas is generally limited. A 
significant interaction between mean counts for year-classes and areas might be interpreted 
as indicating mixing between areas in certain of the year-classes, thus qualifying the general 
conclusion. Comparison with the conclusions drawn from tagging shows essential agreement. 
However, the latter method of study demonstrates that mixture between areas does take place 
and is considerably more extensive than might be anticipated by the term “limited”. Further- 
more, it reveals that mixture of fish from different areas takes place within the school, i.e., within 
the sampling unit, and therefore cannot be demonstrated by analyses of mean vertebral counts. 


I NTRODUCTION 
METHOD OF STUDY 


From a consideration of variation in meristic characters, chiefly mean 
vertebral number, it has been shown that runs of herring (Clupea pallasii) along 
the Pacific coast of North America tend to form essentially discrete units or 
“local populations’ (Rounsefell 1930, Rounsefell and Dahlgren 1935, Tester 
1937a). The present paper, a continuation of this study, is based on vertebral 
material from the west coast of Vancouver island and deals with the population 
problem in this one major geographical area. Particular emphasis has been 
placed on the nature of the conclusions which may justifiably be drawn in the 
light of known sources of variation in mean count. As a test of their reliability, 
the conclusions from this method of study are compared with those obtained 
from tagging and tag recovery. 


BIOLOGICAL SOURCES OF VARIATION 


It is generally accepted that in plastic species such as the herring the definitive 
number of myomeres, and thus the ultimate number of vertebrae, is governed 
within broad limits by genotypic factors, but is considerably modified within 
those limits by phenotypic factors which probably exert their influence through 
modifications of developmental or metabolic rate. Thus, in the Pacific herring, 
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each brood of young representing the progeny of a spawning taking place at a 
certain time and place must be considered to have a unique mean count, of 
which the general numerical value is set by hereditary factors and the exact 
numerical value is largely determined by environmental conditions pertaining at 
that time and place. 

In one area, i.e., a sound, inlet or expanse of coastline which has been selected 
as a natural geographic unit, there may be many individual spawnings at different 
times and places during one spawning season. During the planktonic larval 
stage, the progeny of each, comprising what might be called a “brood unit’, will 
be dispersed to a greater or lesser extent, depending on the local current system. 
Within about two months after hatching, metamorphosis will have been com- 
pleted and the juvenile fish will form schools. If mixture between brood units 
is limited or absent in both planktonic and schooled stages, significant differ- 
ences between the mean vertebral counts of individual schools of juvenile fish 
may or may not be present, depending on whether the brood units were reared 
under similar or different environmental conditions. If present, they may or 
‘may not be detected, depending on the magnitude of the differences and the 
size of the sampies. 

McHugh (1942b) has shown that in one area, the southeast coast of Van- 
couver island, there are significant differences between the mean counts of schools 
of juvenile fish taken in different places in the same year. Moreover, he has 
shown that the progeny of first, second and third spawnings on the same spawning 
ground in one year may differ significantly in mean count, the variation being 
negatively correlated with mean water temperature prevailing during the early 
developmental period. 

McHugh (1942b) also showed that there may be significant differences 
between the mean vertebral counts of schools of juvenile fish taken in the same 
place but in different years. This result would be anticipated from investigations 
of mature herring in which it had already been found that significant hetero- 
geneity may exist between the means of successive year-classes of fish in one 
area (Rounsefell 1930, Tester 1937a). Moreover, in mature herring it has been 
shown that variation in the mean count of successive year-classes is negatively 
correlated with annual variation in mean water temperatures prevailing during 
the period of spawning and early development (Rounsefell and Dahlgren 1932, 
Tester 1937a, Tester 1938). 

McHugh (1942b), for juvenile fish of one brood unit, and Tester (1937a), 
for mature fish of one area and year-class, have shown a slight but significant 
tendency for the mean count to be higher in larger fish. This is presumably 
related to inherent differences in the rate of development of individual fish, 
those which grow faster having the higher count. However, this source of 
variation is not considered further in the present paper for two reasons (1) because 
the samples were all taken by fishing gear which was mostly non-selective as 
to size of the fish, and (2) because, as will be apparent later, there is no evidence 


of consistent variation from one age-group to the next such as might be induced 
by recruitment being differential as to size. 
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Tester (1937a) also showed a slight but apparently significant tendency for 
the mean count of a year-class to be higher in the older age-groups. This type 
of variation, of which the cause is uncertain, will be re-examined in the present 


data. 
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FiGureE I. West coast of Vancouver island showing areas and places referred to in the text. 


No significant differences between the mean counts of males and females 
of the same area and year-class have been found. 


OBJECT OF THE INVESTIGATION 
The object of studying variation in mean vertebral count is to determine 
if differences which were produced during the early developmental period persist 
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between areas or between runs to the same area. If so, other sources of variation 
having been discounted, it may be concluded that there is a lack of free inter- 
mingling between fish of the respective areas (or runs). Among the sources of 
variation which must be taken into consideration before conclusions may be 
drawn are (1) variation between samples of one year-class, which may or may 
not represent individual brood units; (2) variation between age groups of the 
same year-class; and (3) variation between year-classes. 

Along the west coast of Vancouver island five areas, forming more or less 
separate geographical units (separated from each other by either a stretch of 
unfished coastline or by a headland), each supporting a run of mature and 
maturing herring, and each containing herring spawning grounds, may be recog- 
nized (figure 1): Area 23—Barkley sound; Area 24—Clayoquot sound, including 
Sydney inlet; Area 25—Nootka sound, including Tahsis, Esperanza and Nuchat- 
litz inlets; Area 26—Kyuquot sound, including Malksope, Ou-ou-kinsh and 
Nasparte inlets; and Area 27—Quatsino sound, including Klaskish and Klaskino 
inlets. The specific problem may be stated as follows: Do the runs to these 
five areas form essentially discrete units—local populations—or do they all belong 
to one large west coast of Vancouver island population? 


MATERIAL AND METHODS 


The number of samples (236) and the number of individual fish (24,325) 
included in this study are shown in table I according to year and area of collection. 
The collection, embracing 11 fishing seasons, has depended on both the vicissi- 
tudes of the fishery and the opportunity for sampling; consequently it is not 


TABLE I. Number of samples (in brackets) and number of fish for which vertebral counts were 
made in each year and area. 

















| Year | 23 24 25 26 27 Totals 


1929-30 | (10) 240 | - - - | (10) 240 | 


| 
| 
| 
| 
} 
| 
| 


1930-31 | - - ' - - - - 
1931-32 | (2) 117] () 334| (4) 333| (4) 288 - | (16) 1072 | 
| 1932-33 (7) 820} (4) 376] (6) 589] (3) 389] (1) 288] (21) 2412 | 
| 1933-34 | (8) 771| (2) 200] (3) 300] (2) 147] (2) 200] (17) 1618 
1934-35 (7) 800 | - - - | (2) 244 (9) 1044 
1935-36 | (6) 666 | - - - (1) 100} (7) 766 | 
1936-37 | (10) 1159] (2) 185] (7) 999] (6) 904] (2) 225) (27) 3472 | 


1937-38 | (6) 616 - (9) 936 (6) 624 (3) » 464] (24) 2640 
1938-39 | (8) 697 (5) 657} (5) 508 (1) 111 (8) 670] (27) 2643 
| 1939-40 | (11) 1157 (2) 220}; (14) 1546 (5) 550 (2) 216 | (34) 3689 
|} 1940-41 | (17) 1759 (1) 110 | (14) 1540 (11) 1210 (1) 110 (44) 4729 | 





Totals | (92) 8802 | (22) 2082] (62) 6751 | (38) 4223 








(22) 2467 | (236) 24325 | 














Erratum: J. Fish. Res. Bd. Can., Vol. 7, No. 7, 1949. 


Page 410 should come between pages 406 and 407. 


(Insert at top of p. 407) 
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| ABLE 11. Mean vertebral counts and numbers of individuals on which they are based (in brackets) 
according to year-class, age and area. 





Year 
class 


1927 





) 


| 





Age 


III 


Iv | 


Vv 





Year 


1929-30 | 
1930-31 


1931-32 
1932-33 
1933-34 
1934-35 


1931-32 | 


1932-33 
1933-34 


1934-35 | 


1931-32 | 


1932-33 


1933-34 | 


1934-35 


1931-32 
1932-33 
1933-34 
1934-35 


1932-33 | 


1933-34 
1934-35 
1935-36 
1936-37 
1937-38 
1938-39 
1933-34 
1934-35 
1935-36 
1936-37 
1937-38 


1934-35 
1935-36 
1936-37 
1937-38 
1938-39 
1935-36 
1936-37 
1937-38 
1938-39 
1939-40 


1936-37 
1937-38 
1938-39 
1939-40 
1940-41 


1937-38 
1938-39 
1939-40 
1940-41 


1938-39 
1939-40 
1940-41 


1938-39 


1939-40 | 


1940-41 








(141) 
(19) 


(49) 
(19) 


(34) 


| (116) 


(46) 


(45) 
(181) 
(53) 
(17) 
(10) 
(384) 
(137) 
(41) 
(11) 
(382) 
(313) 
(78) 
(39) 


(17) 
(338) 
(97) 
(66) 
(13) 


(15) 
(386) 
(299) 

(74) 


(16) 
(588) 
(105) 


(10) 


(71) 
(332) 
(81) 
(57) 


(46) 


(36) 
(191) 
(142) 
(203) 
(337) 


(593) 
(618) 


(254) 
(693) 


23 


51, 


51. 
51. 
51. 


51. 
51. 
51. 


51.8 


1 
51. 
1 


51 


51.72 





(62) 


(180) 


(336) 
(33) 
(16) 


(107) 
(171) 
(86) 


51. 


51, 


51. 
52. 
51. 


52. 
51. 
51.75 





(110) 
(89) 


(123) 
(165) 
(19) 


(229) 
(34) 


(181) 


(315) 
(116) 


(236) 
(106) 


(297) 
(603) 
(134) 
(56) 
(19) 


(31) 
(195) 
(89) 
(64) 


(131) 
(312) 
(150) 


(986) 


(1117) 


51 


51. 


51 
51 
51 


52 
20 


ve. 


51.77 


51.9: 
51.92% 


51.70 


51.52 


51. 
51. 
51. 
51. 


52. 
51. 


51. 
51. 


51. 
51. 


51. 


51 
51 








(18) 
(67) 
(37) 
(77 
(166) 
(119) 


(249) 
(866) 





2.059 
92.111 


2.043 
2.089 | 


.935 


(191) 
| (314) 


(51) 


(56) 
(89) 51 


. 865 
2.043 
52.000 
.969 | 


861 
961 
.929 


906 


.976 


.621 
. 875 


. 689 















| 1927 
| 1928 
1929 
| 1930 
} 1931 
1932 

| 1933 
1934 
1935 

| 1936 
| 1937 
1938 



















All 
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| 1929 
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1931 
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All 





1927 
1928 
1929 
| 1930 

1931 
1932 
| 1933 
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|} 1935 
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1937 
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All 





TABLE III. Vertebral data according to year-class and area. 


Number of fish with vertebral counts of 





54 55 56 No. 














50 51 52 53 Mear 
——— . a —_ a — —— ens 
- 3 75 = 1381 20 - - - 229 | 51.734 
- 1 56 =:123 29 - - - 209 | 51.861 
- - 73 =«=«171 53 1 - - 298 | 51.940 


- 4 152 363 65 


= 13 397 934 200 


- 12 257 479 81 1 
- 3 118 345 65 1 
- § 172 S02 110 1 
1 12 233 425 62 2 
- 4 145 361 7é 4 
1 3 130 369 66 3 

4 

2 


ry 
© 


- 4 63 135 16 - - - 218 | 51. 
- 2 50 =«138 26 1 - - 217 | 5 

- 1 23 90 19 - - - 133 | 5 

- 4 40 71 13 - - 129 | 5 

- - - 7 - - - - 7 

- - 2 3 1 - - - 6 | 51 
- - 3 7 - - - - 10 | 51 
= 1 12 43 6 1 - - | 63] 51. 
- 2 32 «118 30 2 - - 184 | 51. 
1 3 80 237 62 2 - - 385 | 51. 
- 5 104 207 46 2 - - 364 | 51. 


454 1181 | 1908 








- - | 584] 5i. 


- 3 35 67 15 - = - 120 | 51.783 
- = 54 120 27 1 - - | 202 | 51.876 
- 4 62 187 52 2 - —- | 307 | 51.954 
- 1 49 168 45 3 - = 266 | 52.000 
- 3 57 = 115 18 - i“ ~ 193 | 51.767 
- ] 16 49 10 - - - 76 | 51.895 
- 2 89 291 59 - - - 441 923 
] 6 1382 192 26 - - - 357 | 51.661 
2 12 293 665 132 3 - 2 1109 | 51.840 
- 1 90 233 53 2 - - 379 | 51.908 
1 2 148 362 78 2 - - | 593 | 51.877 
1 18 617 1257 199 1] - - 2103 | 51.793 






1642 3706 








| 6146 
































TABLE III. (Continued) 


Number of fish with vertebral counts of 
Year- | seen ae . ee 


class ¢ 50 f 52 53 


54 5! 56 | No. | Mean 





1927 

1928 
1929 
1930 
1931 


48 i 1 | 51.933 
99 ; - 51.936 | 
163 : - | 51.942 | 
113 : | 51.912 | 
81 - 51.886 | 
1932 19 58 - | 51.904 | 
1933 128 407 51.908 
1934 . 2 te. 3 = | | 51.676 
1935 | 5 OF 254 | 51.873 
1936 | - & FF - 51.930 
1937 72 #235 «| ‘ | 51.953 
1938 | 1 2 308 643 | 51.837 


NnwNrehwd | 


All 7 943 2358 | : ; | 51.871 


1927 | 6, 32: 2 - | 52.007 
1928 1 36 «= «63 5 | 51.829 
1929 13-82 - | 5 | 52.070 
1930 10 «37 | 52] 51.904 
1931 . 44 140 51.927 
1932 46 108 . | 51.919 
1933 - 56 247 ~ - | 369 | 52.022 
1934 . ; 60 106 of | 51.770 
1935 | 3 116 324 51.987 
1936 | ' 20 46 . - | | 51.797 
1937 | 24 4 51.963 
1938 | 36 0=—s9 | 5 | 51.855 











a 3 487 1420 | 2995 | 51.943 








Vertebral data for individual samples have not been presented because of 
their extent. Mean counts according to area, year-class, age, and year of 
collection are shown in table II, in which only those averages based on 10 or 
more individual determinations are included. All data arranged according to 
area and year-class are given in table II] and are summarized in table IV. 


RESULTS 


VARIATION BETWEEN SAMPLES 


Individual samples of one area, year-class and age were tested for evidence 
of significant variation between means. Of the many possible trials, only those 
were made in which inspection of the data indicated the likelihood of obtaining 
positive results. Of 64 series of samples involving a total of 100 or more individ- 
ual counts, only one showed significant heterogeneity between the means of 
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uniformly distributed over all areas in all years. Of the total number of samples, 
203 were taken during the regular fishing season (October to February) and 33 
were taken during the spawning season (March). Samples collected previous 
to 1935-1936, presented and discussed elsewhere (Tester 1937a), are included and 
re-considered in combination with the new material. 

The raw data were accumulated with the co-operation of Dr. J. L. Hart, 
Mr. J. L. McHugh, and others on the staff of the Pacific Biological Station, to 
whom sincere thanks are tendered. 

It was necessary to discard a portion of the available data, namely, counts 
on fish for which age estimations could not be made (about ten per cent) and 
counts which were uncertain because of breakage of the columns, etc. (less than 
one per cent). In addition, vertebral columns showing abnormalities involving 
the centra (about three per cent) were discarded rather than included with a 
correction factor of uncertain applicability (McHugh 1942a). 

Methods of sampling, of preparation and counting of the vertebral columns, 
and of age estimation were the same as those used in previous investigations 
(Tester 1937a and 1937b). Briefly, samples were taken at random from purse- 
seined catches during the fishing season and from purse- or drag-seined catches 
during the spawning season; vertebral columns were prepared by boiling the 
fish, stripping off the flesh, cleaning and drying, and at the same time main- 
taining the identity of individual columns for reference to other data; the number 
of vertebrae between but not including the basioccipital and hypural bones was 
counted at least twice; scales were examined with the aid of a Promar projector 
(Tester 1940) and a fish in, say, its third year in 1940-1941, with a life span of 
two and a half to three years, was designated as III and assigned to year-class 
1938. In most cases each sample may be presumed to have been drawn from 
a different school of fish. 

Each original sample, several of which might be taken from one area in one 
year, consisted of about 100 fish for each of which an individual count (usually 
50, 51, 52, or 53 vertebrae) was made. Each original sample was then divided 
into several smaller samples, grouping fish of the same age. For example, the 
original sample might include 5 II’s, 55 III’s, 30 IV’s, 8 V’s and 2 VI’s. The 
5 fish of age I] might have a mean vertebral count of 51.865; the 55 fish of age III 
might have a mean count of 51.950; etc. These are the “individual samples” 
which are discussed in the text. 

In the statistical treatment of the data, the methods of analysis of variance 
as described by Snedecor (1946) have been used. Buchanan-Wollaston (1933) 
has shown that this procedure is applicable to vertebral data even though the 
variates are discontinuous and the range is small. The data were inspected for 
heterogeneity of variance and Bartlett’s test applied in suspected cases but 
without significant results. The labour of calculation was reduced by coding 
the data (a count of 51 = 0, 50 = — 1, 52 = +1, etc.). Statistics marked 
with an asterisk (*) are “significant” at a probability of 0.05 to 0.02; those 


marked with a double asterisk (**) are “‘significant’’ at a probability of 0.01 
or less. 


TABLE IV. Mean vertebral count according to year class and area. 





Area 





Unweighted 
Year- 


class 24 L 26 for year-classes 


border mean 





1927 51. 51.823 5 | 51.933 52. 51.856 
1928 51. 51.748 51 936 51. 51.850 
1929 51. 51.880 51. | 51.942 | 51.957 
1930 51. 51.955 52. 51.912 51. 51.922 
1931 51. 51.744 51. 51.886 51. 51.816 
1932 51. 52.000* | 51. 51.904 51.923 
1933 51. 51.833* | 51. | 51.908 51.920 
1934 51.736 51.700* | 51. 51.676 51. 51.709 
1935 51. 51.905 : 51.873 | 51.896 
1936 h. 51.989 51. 51.930 | 51.901 
1937 51.86 51.940 51. 953 51. 51.919 
1938 51. 51.824 51. 51.837 51. 51.806 





Unweighted 





border mean 
for areas | 51.862 51. 51.891 




















*Based on 10 or less individual counts. 


samples. At least one such divergent series among such a large number would 
be expected on the basis of chance if sampling from homogeneous populations. 
Typical results (for Area 23) follow, the divergent case being indicated (F = 
0.852/0.409 = 2.08;F.95; = 1.85): 


Degrees of freedom Mean squares 


Year- 
class Age Samples Individuals Samples Individuals 
1931 Ill 374 447 0.432 
1934 lil 578 441 0.415 
1935 Ill é 326 .165 0.417 
1936 Ill 183 419 0.449 
1937 IT 329 .320 0.332 
1937 Ill 582 . 852* 0.409 
1937 IV j 601 331 0.435 
1938 II 246 .456 0.387 
1938 III 676 . 384 0.415 

















As there is no acceptable evidence to the contrary, it is assumed that each 
series of samples was drawn from a homogeneous population in respect to verte- 
bral number. It may be concluded that if differences between brood units 
within each west coast of Vancouver island area occur (as seems likely by analogy 
with the situation along the southeast coast of Vancouver island), the differences 
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have been obliterated by mixture of the brood units in the interval between the 
time of initial schooling and that of recruitment to the schools of mature fish. 
As the majority of new recruits join the runs at age III, the average time interval 
would be about two and a half years. However, exactly when or where the 
mixture may take place is at present unknown. 














VARIATION BETWEEN AGE GROUPS 

As there is no evidence of significant heterogeneity between means of 
individual samples of fish of the same area, year-class and age, individual samples 
have been combined in order to test the hypothesis that fish of the same area 
and year-class, but of different ages and, of course, taken in different fishing 
seasons, are drawn from one population in respect to vertebral number. 

Of the 52 possible comparisons involving two or more age groups of the 
same year-class and area (Table II), only two were found to exhibit significant 
differences between means: 
















| Degrees of freedom Mean squares 
Year | } 
class Area Age groups | Individuals Age groups Individuals 
1938 | 24 | 2 | 361 4.113" 0.439 
1928 25 | 1 197 2.580** 0.399 


| 

The ‘se two cases might represent freakish samples which have arisen by 
chance in sampling from homogeneous populations. However, they will be 
considered more fully to see if their divergence can be readily explained on 
any other basis. 

The first, that for the 1938 year-class in Area 24 (F = 4.113/0.439 = 9.37; 
F.o1 = 4.68), includes a very high mean count (52.056) for fish of age I caught 
in 1938-1939, and lower mean counts (51.714 and 51.756) for fish of age II and 
III caught in 1939-1940 and 1940-1941. The 1938-1939 sample was exceptional 
in that it consisted of young immature fish taken by a commercial purse-seine 
during the herring spawning season. The heterogeneity may be attributed to 
brood unit variation, assuming that the school had remained in inshore waters 
for a longer period than usual’ and had not mixed with other schools hatched at 
different times and places in the same area. 

The heterogeneity between means of the 1928 year-class in Area 25 (F = 
2.580/0.399. = 6.47; F.o: = 6.76) is not readily explained. The difference between 
the mean counts (51.982 and 51.753 in 1931-1932 and 1932-1933) might be taken 
as evidence that fish of the 1928 year-class present in Area 25 as IV’s in 1931- 
1932 did not belong to the same population as those present in this area as V’s 
in 1932-1933. However, this conclusion would be accepted with caution in 
view of lack of supporting evidence for other year-classes in Area 25 and for 
other year-classes in other areas. 

In the absence of acceptable evidence to the contrary, the hypothesis that 
samples of fish of one area and year-class but of different ages (caught in successive 
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years) are drawn from one population in respect to vertebral number will be 
accepted for the present. It follows that there is no significant tendency for 
older fish to have a higher mean count than younger fish. This conclusion, 
which is fairly obvious from inspection of the data of table II, does not support 
that reached previously (Tester 1937a). 


VARIATION BETWEEN YEAR-CLASSES 


As significant heterogeneity between means of successive age groups has 
not been demonstrated, these have been combined for each year-class and area 
(tables III and IV). It is fairly obvious from inspection of the tables that 
significant differences occur between the means of the year-classes in each area. 
In a later section, the data will be analyzed statistically to take year-class 
variation into consideration in testing for heterogeneity in mean vertebral count 
between areas. 

Tester (1938) has shown that for Area 23 (Barkley sound) variation in 
mean vertebral count of successive year-classes (1927 to 1935 inclusive) is inversely 
correlated with annual variation in mean water temperatures which prevailed 
at William head, near the southern extremity of Vancouver island, during the 
period of early development of the eggs and larvae (March). Using temperature 
data previously published for 1927 to 1935 (7.8, 7.9, 7.1, 8.2, 7.3, 7.1, 8.4, and 
7.5°C.) augmented by data for 1936 to 1938 (7.1, 7.6, and 8.1°C.), a highly signi- 
ficant negative correlation (r = —0.915**) is obtained between variation in 
March water temperatures at William head and variation in the unweighted 
mean vertebral count of west coast of Vancouver island year-classes over the 
period 1927 to 1938. 

The above correlation suggests that the relationship previously found 
between means of vertebral counts for Area 23 year-classes and water temperature 
is general along the whole of the west coast of the island. However, individual 
correlations for separate areas are as follows: Area 23— —0.85**; Area 24— 
—0.79**; Area 25— —0.89**; Area 26— —0.63*; Area 27— —0.46. Those for 
Areas 23, 24, and 25 are high and very significant statistically; that for Area 26 
is lower but still significant; that for Area 27 is still lower and not significant. 
If it were assumed that separate populations were present in each of the areas, 
a plausible explanation would be that in the more northerly areas (26 and 27) 
annual fluctuations in water temperature did not follow fluctuations at William 
head as closely as did those in the more southerly areas (23, 24, and 25). 

Unfortunately, water temperature data for stations along the west coast of 
Vancouver island have not been collected over a sufficiently long period of 
years to be of much use for individual comparisons. Those available are given 
in the above table: 

The data tend to confuse rather than to clarify the interpretation, for they 
show a closer resemblance between annual fluctuations at William head and 
Area 27 than between those at William head and Areas 23 and 25. The correct 
explanation of the incongruity is probably complex and involves one or more 
of the following points: (1) lighthouse temperature data along the outer coastline 


Erratum: J. Fish. Res. Bd. Can., Vol. 7, No. 7, 1949. 
(Insert at bottom of page 413) 


6th line from bottom should read ‘“‘in the table at top of page 414” 





















































| 
Year Area 23 \rea 25 Area 27 
(March William (Amphitrite (Nootka (Kaien island 
average head light light light 
1935 7.5 7.4 ; 6.4 7.6 
1936 cn 7.6 6.8 7.0 
1937 7.6 8.0 8.9 7.6 
1938 8.1 7.9 6.6 8.3 











do not necessarily reflect general conditions on the inshore spawning grounds; 
(2) mixture of varying extent may take place between the runs to the various 
areas; and (3) the time of spawning, and hence the temperature under which 
early development takes place, varies to some extent both within areas from 
year to year and between areas in the same year. 






















VARIATION BETWEEN AREAS 

It was shown in the last section that in general the mean counts of the 
year-classes followed a general pattern, that exemplified by the border means 
for year-classes of table IV, the variation being inversely correlated with general 
mean water temperatures prevailing during the period of early development. 
Further examination of table IV shows a tendency for the grand means for 
areas to follow a general pattern also, increasing uniformly from Area 23 to 
Area 27, except in the case of Area 24, the grand mean for which may be con- 
sidered abnormally high (or, less likely, except in the case of Area 25, the grand 
mean for which might be considered abnormally low). This trend conforms 
with a general increase in mean count from south to northwest along the Pacific 
coast of North America (Rounsefell 1930) which is presumably related to a 
general decrease in water temperatures. The trend would be expected along 
the west coast of Vancouver island if there was a general gradation in tempera- 
ture (not shown in data which have already been presented and discussed) and 
if mixture between the runs to the five areas were limited or absent. The 
discrepancy in the case of Area 24 might be assumed to be due to lack of adequate 
sampling, the number of counts being less than for the other areas, and three 
consecutive year-classes (1932, 1933 and 1934) being very poorly represented 
(table III). 

With this knowledge of ‘‘outcome’’, the data of table II] were analyzed 
according to two criteria of classification (year-class and area) using the method 
of weighted squares of means (Snedecor, Sec. 11, 12) to give unbiased estimates 
and tests of the main effects: 


































































































Source of Degrees of 

Variation freedom Sum of squares Mean squares 

| - = = 

Year classes 11 33.4690 3.0426** 

| Areas 4 12.9730 3.2432** 
Interaction 44 (33.6188) 0.7641** 





Individuals 


22,027 


(9,061 .6371 0.4114 
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The results show a highly significant heterogeneity between the means for 
year-classes (F = 3.0426/0.7641 = 3.98; F.o. = 2.68). This was expected in 
view of the known variation in mean count of successive year-classes with varia- 
tion in water temperature. 

The results also demonstrate a highly significant heterogeneity between the 
means for areas (F = 3.2432/0.7641 = 4.24; F.o. = 3.78). This shows that, with 
due allowance for variation between year-classes, more than one population 
in respect to vertebral count is present among the five areas along the west 
coast of Vancouver island. 

It is important to note that the mean square for interaction is also highly 
significant (F = 0.7641/0.4114 = 1.86; F.o, = 1.59). This represents failure, 
which cannot be due entirely to chance, for the mean counts for each year-class 
and area to vary in the same manner as the border means (table IV). There 
are at least two possible explanations for this failure, one presuming local aberra- 
tions in temperature conditions during the time of early development, and the 
other presuming partial mixture or interchange between the runs to the five areas. 

As the run to each area is originally composed of several brood units, each 
probably of different abundance and each probably spawned at different times 
and places within an area, and thus under different local temperature condi- 
tions, there is perhaps no good basis for expecting every year-class to conform 
with a general pattern of variation either from year to year in one area or from 
area to area in one year. For example, consider year-class 1930 in Area 25 
(table IV) which has a mean of 52.000. This is larger than the mean for the 
1929 year-class in the same area (51.954), whereas according to the border means 
for year-classes it might be expected to be smaller: It is also larger than the 
mean for the 1930 year-class in‘Area 26 (51.912), whereas according to the border 
means for areas it might be expected to be smaller. Possibly in 1930 the main 
brood units in Area 25 were hatched under abnormally low temperature condi- 
tions, either because the main spawnings took place earlier than usual or because 
local weather conditions during the main spawning period were unusually cold. 
Either situation might produce an abnormally high mean vertebral count. 

On the other hand, the significant interaction might be due to partial or 
complete mixture or interchange between areas in the case of some of the year- 
classes. For example, consider the means for the 1936 year-class in Areas 23 
to 27 as listed in table IV (51.883, 51.989, 51.908, 51.930, and 51.797) and com- 
pare them with the border means for areas (51.835, 51.862, 51.856, 51.891, and 
51.921). The comparison might suggest that all or part of the fish of this 
year-class originally present in Area 23 moved to Area 27, those originally 
present in Area 27 moved to Area 24, etc. However, it must be remembered 
that the mean for each year-class in each area is based on a composite sample 
taken over a period of successive years at several successive ages, and that signi- 
ficant heterogeneity between age groups for one year-class and area was not 
demonstrated (except in two cases). If interchange between areas occurred, it 
may have taken place during larval or juvenile stages which were not sampled, 
or it may have taken place among the mature fish but sampling was not adequate 
to demonstrate its existence. 













If the first explanation of the statistically significant interaction is accepted 
as the more likely, it would be concluded that more than one population of 
herring is present along the west coast of Vancouver island. Further, the results 
would indicate that intermixture or interchange is limited or absent between 
the runs to each of the west coast areas, each thus constituting (with the possible 
exception of Area 24) an essentially distinct unit or “local population”. From 
vertebral data it is impossible to define more precisely the amount of mixture 
designated as “‘limited’’. 

If the second explanation of the statistically significant interaction is accepted 
as the more likely, it would again be concluded that more than one population 
of herring is present along the west coast of Vancouver island, that in general 
each area had a more or less separate population, but that in the case of certain 
of the year-classes mixture or interchange between areas took place. 

From the data on hand it is impossible to decide which explanation is the 
more likely. Therefore the general conclusion that each west coast of Van- 
couver island area (with the possible exception of one) has an essentially discrete 
population should be accepted with reservation as to the possibility that mixture, 
more extensive than “‘limited’’, may take place occasionally. 


COMPARISON WITH TAGGING RESULTS 


It is believed that the conclusions regarding the population situation along 
the west coast of Vancouver island, given in the previous section, are unbiased 
by independent conclusions which have been arrived at from a more precise 
method of study, namely, tagging and tag recovery (Hart and Tester 1937, 
1938, 1939 and 1940; Hart, Tester and McHugh 1941; Hart, Tester and Boughton 
1942; Tester and Boughton 1943; Tester 1944, 1945a and 1946; Tester and 
Stevenson 1947). The results and conclusions from tagging and tag recovery 
work for the west coast of Vancouver island have recently been summarized 
(Tester unpub.). A comparison of the conclusions from the two methods of 
study should be of value in showing how much reliance can be placed on those 
from the first—racial analysis—which for many fisheries is the only method 
available. 

In tagging herring, interpal metal tags are used and these are recovered by 
means of tag detectors in the unloading systems and magnets in the meal lines 
of fish processing plants. For the most part, tagging takes place in the late 
winter and early spring and is confined to mature fish of the spawning runs; 
recovery is made from the commercially-fished pre-spawning runs of the subse- 
quent fall and winter fishing seasons. In comparison, in vertebral studies a 
fish is “‘tagged’’, not when mature, but at a very early stage in its life history 
when the number of vertebrae in the vertebral column is determined. 

Tagging has shown that the runs of herring to the various sounds and inlets 
along the west coast of Vancouver island form a series of inter-grading popula- 
tions, each of which exhibits a definite ‘homing tendency” but each of which 
has a relatively small degree of independence. Rough calculations indicate that 
on the average about 55 per cent of the fish return to the area of spawning, but 
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the remainder, 45 per cent, disperse or “‘wander’’ to other areas. If the five 
areas are grouped into three (Area 23-24, Area 25-26, and Area 27), each of 
which is separated by a prominent headland which might act as a barrier to 
mixing, the calculations indicate that on the average about 70 per cent of the 
fish return to the area of spawning and 30 per cent wander to other areas. Mix- 
ture is greatest between adjacent areas and tends to become progressively less 
the more widely-separated are the areas. 

The conclusions drawn from a consideration of vertebral material are essen- 
tially in accord with the above findings, except that the amount of mixing 
between areas is considerably greater than might have been anticipated from 
the term “‘limited”’. 

The nature of mixing is of considerable interest. Tagging has shown that 
the fish which spawned at several different times and places in one area and 
season subsequently mix to a greater or lesser extent. This mixture takes 
place during the interval between tagging and recovery which is a minimum 
of about eight months (March to October) during which time the fish migrate 
from inshore spawning grounds to offshore feeding grounds, remain there during 
the summer, and eventually migrate inshore again during the fall where they 
remain and are fished throughout the winter. It will be noted that mixture 
among the mature fish is of a similar nature to that postulated for the juvenile 
fish from a study of variation between individual samples. 

However, mixed with the schools of mature fish which formerly spawned 
within the area are also other mature fish which spawned in other areas. For 
example, 93 tons of fish from one school caught in Area 26 (Amai inlet) on Dec. 
16, 1940, contained six fish originally tagged in March 1940, as follows: one in 
Area 26 (Clanninick cove), two in Area 27 (Leeson harbour), two in Area 25 
(Queen cove), and one in Area 23 (Toquart bay). From a study of vertebral 
data it is impossible to detect mixture of this type, i.e. heterogeneity within the 
schools and hence within the original sampling unit. 

Realizing that this type of mixture takes place, one would expect the 
unweighted average variance (5°) for the vertebral counts of year-classes from 
individual areas, as calculated from table III, (0.4085), to be greater than that 
for samples from individual brood units as calculated from McHugh’s (1942) 
table I, (0.4658). This expectation is not realized for some unknown reason. 
Obviously one would be led astray if one inferred that there is little heterogeneity 
within schools because the variance in the adult samples is not greater than that 
in the young. 

Tagging has shown that the extent of mixture and interchange between 
areas has varied considerably from year to year. In some years, there has 
been almost a mass migration of fish from one area to an adjacent area in the 
interval between tagging and recovery. One such case occurred in 1940-1941 
when large numbers of fish tagged in Area 27 in the spring of 1940 were re-cap- 
tured on fishing grounds towards the outside of Area 26. Turning to the verte- 
bral data, one might expect abnormally high mean counts for the principal 
year-classes involved (1935 to 1940) for Area 26 in 1940-1941, but such is not 
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apparent from the meagre data of table II. On the other hand, tagging has 
demonstrated no mass movement of fish from the more southerly areas to 
Area 27 such as might be postulated from the abnormally low mean count of 
the 1936 year-class in Area 27 in 1938-1939. These two cases demonstrate the 
futility of attempting precise explanations of abnormal mean counts when so 
many unknown variables are involved. 

While tagging and tag recovery work has shown a tendency for the mature 
fish of the runs to west coast of Vancouver island areas to form discrete units, 
the study of mean vertebral count has indicated that this tendency also persists 
among the larval and juvenile stages. Therefore the latter method, though less 
precise, has provided additional biological information of value. 

It has been intimated that the general conclusions from the two methods 
of study are in essential agreement in showing a tendency for the runs to consti- 
tute separate populations, but that the amount of mixing as shown by tagging 
was considerably greater than had been anticipated from racial studies. In the 
practical application of the results this latter revelation was of great importance. 
Based on the results of early racial studies and the conclusion that mixing between 
areas was “‘limited or absent’’ separate catch limits or sub-quotas were imposed 
for each area (Tester 1945b). However, when tagging work showed an average 
dispersal up to 45 per cent, separate limits were abolished and one quota was 
set for the whole sub-district, the intergrading units being considered to consti- 
tute one major population for administrational purposes. This, in turn, allowed 
an increase in fishing effort along the west coast of Vancouver island. 


SUMMARY 


An analysis has been made of 22,087 vertebral counts of herring from samples 
collected along the west coast of Vancouver island over’the period 1929-1930 
to 1940-1941. Twelve consecutive year-classes and five contiguous geographical 
areas are represented. 


In general there was no evidence of significant heterogeneity between the 
means of successive samples of one year-class taken in one area and season. 
It was therefore assumed that heterogeneity between the means of original 
brood units had been obliterated by mixing of the schools during juvenile stages, 
i.e. in the interval between initial schooling and recruitment to the runs of 
mature fish (about two and a half years on the average). 

In general there was no evidence of significant heterogeneity between the 
means of age groups of one year-class taken from one area in successive years. 
It was therefore tentatively assumed that fish of one year-class and area belonged 
to one population, and further, that there was no significant tendency for older 
fish of a year-class to have a higher mean count, as had been indicated by results 
previously published. 

There was significant heterogeneity between the means of successive year- 
classes in each area. As had been shown previously, this variation was inversely 
correlated with variation in general water temperatures prevailing during the 
period of early development (March). Certain apparent anomalies for the more 
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northerly areas could not be explained by consideration of such local water 
temperature data as were available; several possible explanations were offered. 

A general tendency for the mean count for areas to be higher in areas to 
the northwest was noted. This conformed with a general gradation in mean 
count previously reported along the west coast of North America and suggested 
lack of extensive mixing of the fish between areas. To test this suggestion, the 
mean counts of the twelve year-classes in the five areas were analyzed according 
to two criteria of classification (year-class and area), interaction being regarded 
as sampling error. There was significant heterogeneity between the means for 
areas, showing that more than one population in respect to vertebral count 
was present, and suggesting that a separate population was present in each area. 
However, the mean square for interaction was also statistically significant, show- 
ing that there was failure, not due to chance alone, for the mean counts to vary 
according to the expected patterns, i.e. inversely with temperature for year- 
classes and/or increasing from south to northwest for areas. There were two 
possible explanations for this anomaly, (1) that local temperatures during the 
time of early development might deviate from general conditions in certain 
years, or (2) that mixture or interchange between areas took place in certain 
years. With the available data it was impossible to decide which was the 
correct explanation. The conclusion was accepted that essentially discrete 
populations, between which mixing was generally limited, were present in each 
of the areas (with the possible exception of one), but with the reservation that 
mixing more extensive than “‘limited’’ might take place occasionally. 

The above conclusion was compared with those drawn from a more precise 
method of study, namely, tagging and tag recovery. The conclusions were in 
essential agreement, except that the latter method demonstrated that mixture 
did take place and that it was considerably more extensive than would be anti- 
cipated by the term “‘limited’”—so much so that for practical purposes the 
series of intergrading ‘‘units’’ were considered to constitute one major population. 

The nature of mixture, as shown by tagging, was such that it could not 
possibly have been demonstrated from a study of mean vertebral count. For 
the most part the fish which found their way from one area to another did not 
form separate schools, but rather were mixed with the schools which had pre- 
viously spawned in the other area. Thus, mixture was within schools, i.e. 
within the sampling unit of the vertebral studies. 

The study of variation in mean vertebral count provided additional informa- 
tion to that obtained from tagging in showing that the tendency to form separate 
units persisted in the juvenile as well as in the adult stages. 
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Effect of Nitrite on Reduction of Trimethylamine Oxide 
in Cod Fillets 
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ABSTRACT 


Concentrations of nitrite required to prevent or retard the formation of trimethylamine 
in cod fillets stored at 3°C. are much less than those required to inhibit bacterial growth on the 
fish under the same conditions. 

This is not the result of the nitrite having a selective inhibitory action on the growth of 
bacteria that reduce trimethylamine oxide. 


The use of sodium nitrite has become an established practice in the processing 
of various cured meats. Its chief function is to preserve the pink or red colour 
of the meat by combining with the hemoglobin. It also has a preservative 
action by inhibiting the growth of certain kinds of bacteria. Tarr (1941) has 
shown that the inhibition of growth of bacteria by sodium nitrite is largely 


dependent upon the pH of the substrate. He found that in a nutrient broth 
at pH 6, a 0.02 per cent solution may inhibit growth entirely, while at pH 7, 
little or no effect was observed. Tarr also observed that the inhibition of growth 
by nitrite differed for different species of bacteria. In still later studies Tarr 
(1942) observed that nitrite could act as a bactericide or as a bacteriostatic 
agent, depending upon the concentration used, the pH of the substrate, the 
length of exposure and the sensitivity of the cells. 

In his earlier studies on the effect of nitrite on the velocity of bacterial 
spoilage of fish muscle, Tarr (1941) used the bacterial count as a measure of 
spoilage, pre-supposing first, that the degree of proliferation of bacteria and the 
extent of spoilage were synonymous, and second, that the preservative action 
of the nitrite was limited to its ability to inhibit bacterial growth. Except for 
very broad generalizations, both of these hypotheses are open to objections, and 
it is the latter that we wish to examine at this time. 

The physiological activities of nitrite are very complex. It is known that 
its toxicity to animals is due to at least two factors (Grindley and MacNeal 
1917): The first effect is on the blood, where the oxyhemoglobin is changed into 
methemoglobin; the second, although unidentified, is a direct effect on the tissues 
themselves. These authors found that nitrites were definitely toxic to non- 
hemoglobin-containing animals. 

Nitrites have an inhibiting action on certain enzyme systems. For example, 
Axmacher and Bergerstermann (1934) and Sciarini and Nord (1944) have shown 
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that sodium nitrite strongly inhibits carboxylase activity. Davydova (1945) 
found that nitrite decreased the velocity of the enzymatic formation of E-malic 
acid from fumaric acid. Lindsey and Rhines (1932) have shown that many 
species of bacteria are able to reduce nitrites to hydroxylamine, which in turn 
is a strong inhibitor of catalase (Kitasato 1890). 

In work at the Atlantic Fisheries Experimental Station, Wood (1943, un- 
published), found that nitrite ion had a marked effect on gas production by 
various members of the colon-aerogenes group of bacteria, and he also observed 
that the minimum concentration of nitrite required to suppress gas formation 
varied with different species. In the same unpublished report, Wood made 
some observations suggesting that nitrite may have an inhibiting action on the 
reduction of trimethylamine oxide to trimethylamine by certain bacteria. In 
further work at the Atlantic Fisheries Experimental Station, Neilands (1945, 
unpublished), confirmed this latter observation with washed cells in Thunberg 
tubes using a buffered oxide solution and a suitable hydrogen donator (table I). 


TABLE I. The effect of nitrite on reduction of trimethylamine oxide using mass inoculations of 
washed cells. (From the unpublished results of Neilands). 


y Trimethylamine nitrogen (mg.) per 1.0 ml. 
culture at 60 minutes 


Molarcity 
NaNO, 





Aerogenes strains 


| 
| 


0.000 
0.002 
0.010 
0.020 








In tests with certain other species of bacteria, Neilands found that similar con- 
centrations of nitrite had no effect on the reduction of trimethylamine oxide, 
even though the cultures produced enzymes capable of reducing trimethylamine 
oxide. Many of these tests have been made under laboratory conditions, using 
artificial culture media and pure cultures of bacteria that are not normally 
associated with the spoilage of fish. One cannot help but wonder what the 
picture would be if the nitrite were applied to normally contaminated fish muscle 
held at commercial refrigeration temperatures. The question we wish to raise 
is: Does the preservative action of nitrite in fish result wholly from the sup- 
pression of bacterial growth, or is it, at least in part, the result of the inhibition 
of certain enzyme activities? If the results of the observations of Wood (1943) 
and Neilands (1945) are correct, it is conceivable that a concentration of nitrite 
might be used on fish that would inhibit the production of the initial spoilage 
odours without affecting the bacterial growth. 





EXPERIMENTAL 


The fish used in these experiments were fresh cod fillets obtained from a 
local fish plant. The bacterial plate counts were made with a nutrient medium 
described by Dyer, Dyer and Snow (1946). The trimethylamine was measured 
by the colorimetric method of Dyer (1945). The trimethylamine-oxide-reduc- 
ing bacteria were identified by the test devised by Wood and Baird (1943). 
The approximate number of trimethylamine-oxide-reducing bacteria in fish was 
determined by transferring decimal dilutions of the fish to Wood and Baird’s 
(1943) oxide broth and, after suitable incubation, testing for the presence of 
trimethylamine. The nitrite used was Merck’s sodium nitrite of reagent grade. 
Quantitative tests for nitrite were made by the method of Dyer (1946). For the 
sake of brevity the term ‘trimethylamine value’ is frequently used in this paper. 
By this we mean the number of milligrams of trimethylamine nitrogen per 100 
grams of fish. In the first set of tests, cod fillets with a pH of about 6.6 were 
cut into two portions and one-half of each fillet was dipped into a 0.2 per cent 
sodium nitrite solution for two minutes and then left for 5 minutes to drain. 
The resulting nitrite content in the fish ranged between 190 and 220 p.p.m. 
At the beginning bacterial counts on the fillets were around 14,000 per g. and the 
trimethylamine value approximately 1.2 mgm. per 100 g. of fish. After 2 and 
6 days’ storage in sterile glass containers at 3°C. plate counts and trimethylamine 
values were determined (table II). 


TABLE II. Bacterial counts and trimethylamine values (mg. of trimethylamine nitrogen per 100 
g. of fish) of cod fillets held at 3°C. for 2 and 6 days after being dipped in nitrite solution 
(2,000 p.p.m.; fish had from 190 to 220 p.p.m. after treatment). 





Bacterial counts X 10° Trimethylamine values 


Controls Treated Controls Treated 


(2 days) 


29 
22 


or 


or 


Te 





(6 days) 
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In a second set of tests the initial numbers of bacteria on the fillets were 
purposely increased by dipping them in a suspension of Proteus vulgaris. (This 
organism actively reduces trimethylamine oxide.) Counts were made and amine 
values determined after 2, 4, 7 and 9 days’ storage at 3°C. for one series, and 
after 2, 5, 7 and 12 days for a second series (table III and fig. 1). 

In the tests made so far, the nitrite appears to have very markedly inhibited 
the production of trimethylamine but to have had little or no effect on the 
numbers of bacteria on the fish. Twenty-six similar tests were made, and the 
results were invariably the same: When the fish contained between 150 and 
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FiGurE 1. Average bacterial counts and trimethylamine values for cod fillets containing 190 to 
210 p.p.m. sodium nitrite and stored at 3°C., with corresponding values for untreated fillets 
held under the same condition. 


200 p.p.m. of nitrite, the initial production of amine was repressed and the 
bacterial growth rate remained unaffected. 


EFFECT ON OXIDE-REDUCING BACTERIA 


The work of Wood (1943), Neilands (1945), and Tarr (1941, 1944) would 
suggest that nitrite may have an inhibiting action on either the growth or the 
trimethylamine-oxide-reducing activity of some organisms and have no effect 
on others. It is possible that the results mentioned were due to the selective 
action of the nitrite on the oxide-reducing organisms. If these organisms consti- 
tuted a relatively small proportion of the microflora initially on the fillets, their 
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TABLE III. Bacterial counts and trimethylamine values for cod fillets held 2, 4, 7 and 9 days 
at 3°C. after being dipped in nitrite solution. 


Bacterial counts X 108 Trimethylamine values 


Storage - - 
period Fillet Controls Treated Controls Treated 





2 days f 130 180 4 0.9 
140 140 4 0.8 


4 days ! 360 400 : ey 
670 500 .! 1.0 


7 days / 50,000 46,000 
18,000 12,000 


9 days J 400,000 410,000 
250,000 600,000 























suppression might be unnoticed in the subsequent bacterial counts. To gain 
further information on this point, every plate count made on the fillets in these 
experiments was accompanied by a “dilution count” in Wood and Baird’s oxide 
broth. After 3 days’ incubation at 25°C., the tubes of inoculated oxide broth 
were tested for the presence of trimethylamine. A comparison of the extent 
to which the treated fish and the controls could be diluted and still give a posi- 
tive reaction, gave an approximate idea of the number of oxide-reducing organ- 
isms on the fish (table IV). 


TABLE IV. Total plate count, dilution counts of organisms capable of reducing trimethylamine 
oxide (TMAO), pH and trimethylamine ~.’\.es of cod fillets initially containing 270 p.p.m. 
sodium nitrite and corresponding cont neld for 15 days at 1.5° to 2°C. 








Days’ Log of Dilution Trimethylamine values 
storage | total count reducing TMAO (mg. per 100 g.) 


Nitrite treated 
10-8 omitted 
10 0.8 
10— 5.3 
10-6 3.4 
10-8 3.8 
10-8 19.3 








Controls 





10-4 omitted 

10 1.2 

10 12.9 >.6 
10-7 66.4 | 4 
10-° 53.4 omitted 
10-9 216.5 9.4 
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The results of these tests almost always gave the same picture—at any 
stage in the storage period after the fish had been treated, the number of oxide- 
reducers was the same in the treated fish as in the controls. Quite frequently 
after 8 or 10 days’ storage at 3°C., both the treated and untreated fillets would 
have tens or hundreds of millions of oxide-reducing bacteria present, yet the 
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Ficure 2. Effect on trimethylamine value and on bacterial population of initial concentration 
of nitrite up to 350 parts per million in cod fillets stored for 5, 8 and 12 days at 3°C. 


amine content in the controls would range between 50 and 90 while in the treated 
fish it was between 1 and 10. Occasionally the oxide would be reduced in one 
less dilution in the treated fish, particularly at the earlier stages of storage; 
but this was the exception rather than the rule. These results would indicate 
that the decreased trimethylamine content of nitrite-treated cod fillets is not 
the result of the suppression of oxide-reducing bacteria. 


EFFECT ON TRIMETHYLAMINE FORMATION AND BACTERIAL GROWTH 


From the results of the previous tests two questions arise: (1) How much 
nitrite is required to inhibit the growth of bacteria in cod fillets stored at 3°C.? 
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(2) What is the relationship between the nitrite concentration and the inhibition 
of trimethylamine oxide reduction in cod fillets stored at 3°C.? 
To answer these questions the following tests were made: Fresh cod fillets 
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TRIMETHYL AMINE VALUES 
Bacteria. Counts 
FicurE 3. Effect on trimethylamine value and on bacterial population of a very great range in 
initial concentration of nitrite in cod fillets stored for 5, 8 and 12 days at 3°C, 


were dipped in nitrite solutions giving a range of from 7 to 14,000 p.p.m. of 
nitrite in the fish. These were stored at 3°C., and after 5, 8 and 12 days they 
were tested for trimethylamine content, bacterial counts and approximate 
number of oxide-reducing organisms. Every effort was made to obtain fillets 
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with similar histories and having approximately the same initial trimethylamine 
content and bacterial contamination. 

From the results (figs. 2and 3), the following general conclusions may be drawn: 

The concentration of nitrite required to suppress trimethylamine production 
or inhibit bacterial growth increased with the length of the storage period. 

For as long as 12 days, less than 100 p.p.m. of nitrite in the fish kept the 
trimethylamine value below the point where it caused a perceptible spoilage 
odour (15 mgm. per 100 g. of fish). Even 50 p.p.m. suppressed the amine produc- 
tion for 8 days. 

As much as 150 p.p.m. of nitrite had little effect on the numbers of bacteria 
developing in fish. From 150 to 350 p.p.m. retarded growth during the earlier 
storage periods, but, as storage continued, very large populations developed. 
Even 1,200 and 2,000 p.p.m. permitted a slow increase in numbers. With over 
3,000 p.p.m., the bacterial population remained stationary or decreased. 


EFFECT ON OTHER SPOILAGE 


Although trimethylamine is one of the most important, and one of the first 
spoilage products formed in many types of marine fish, it has definite limita- 
tions when used as a general measure of spoilage in fish. There are some fish 
which contain only very small amounts of the oxide, and in these the trimethy- 
lamine value has much less significance. And there are a great many other 
known, as well as unidentified, spoilage products which result from bacterial 
decomposition of fish. The effect of nitrite on the various enzyme systems 


producing these individual spoilage odours, as distinct from the action of the 
nitrite on the growth of the bacteria, is an extremely complex problem. 

Using pure cultures of non-oxide-reducing bacteria it was found that nitrite, 
in concentrations having no apparent effect on the bacterial growth rate, had 
a pronounced effect on the production of those substances measured by the 
tyrosine reaction. 

In other tests where the normal microflora on the fillets was allowed to 
develop, it was similarly found that small quantities of nitrite suppressed the 
production of these reducing substances beyond what might be caused by the 
decrease in trimethylamine, which also gives a positive reaction to this test. 
In some sets, it took less nitrite to prevent the production of trimethylamine 
than it did to prevent the production of other substances which gave a positive 
reaction with the tyrosine test. 

The following results are in seeming contradiction to these observations. 
Many fillets and suspensions of heated cod fish muscle in agar were inoculated 
with pure cultures of fish-spoiling bacteria after being treated with 100 to 150 
p.p.m. of nitrite. Organoleptic tests showed very little difference in the rate at 
which there was spoilage by the majority of non-oxide-reducing organisms. In 
fact, with many fluorescent cultures and other ‘“‘stinker’”’ types of bacteria the 
nitrite-treated fish developed the off odours more rapidly. When the nitrite 
in the fish was increased to 300 p.p.m., organoleptic differences became evident. 
The spoilage odours were delayed and discolouration of the fish by green fluores- 
cent types of bacteria was prevented. 
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DISCUSSION 


It is apparent from these results that the concentration of nitrite in cod 
fillets held at 3°C. required to inhibit trimethylamine production is not the 
same as that required to produce a significant decrease in the growth of the 
bacteria. It is also apparent that this inhibition of trimethylamine production 
is not the result of the selective action of nitrite on the oxide-reducing bacteria. 
This confirms the observation of Neilands (1945) who found that nitrite inter- 
fered with the trimethylamine oxide-reducing activity of ‘resting’ cells. 

In this way the effect of nitrite on fish may differ somewhat from the effect 
on meats, where the chief spoilage products result from the action of enzymes 
on proteins and fats. 

Although sodium nitrite may sometimes depress the production of the 
reducing substances in fish which give a positive reaction to the tyrosine test, 
this effect is not as great as is the inhibition of trimethylamine. It is possible, 
therefore, that fish could be treated with such concentrations of nitrite as would 
retard the initial fishy odours of trimethylamine and yet permit spoilage through 
the uninterrupted growth and activity of proteolytic species and other organisms 
responsible for various putrid odours. 

This work has been carried out with the normal microflora of cod fillets 
stored under refrigerator conditions. It gives only a part of the complex picture 
involved in the action of nitrite in the preservation of fish. Because of the 
known differences in the action of nitrite on different species of bacteria, it will 
be necessary to do further tests with pure cultures that are found normally on 
fish in order to determine whether the inhibition of trimethylamine formation 
by nitrite also differs with the types of organisms involved; also an attempt 
should be made to find out tHe effect of variations in pH on this inhibition of 
enzyme activity. 

CONCLUSIONS 

In normal, fresh commercial cod fillets, stored at 3°C., less than 100 p.p.m. 
of sodium nitrite very significantly retarded the production of trimethylamine, 
while the same concentration of nitrite had no effect on the total numbers of 
bacteria that developed in the fish. 
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Pseudomonas putrefaciens from Cod Fillets 


By C. H. CastTELt, J. F. RicHarps AND IsOBEL WILMOT 
Atlantic Fisheries Experimental Station 
Halifax, N.S. 
(Received for publication August 13, 1948) 


ABSTRACT 


The bacterium, Pseudomonas putrefaciens, has been isolated from fresh and frozen cod 
fillets, and appears to be new for marine fish and a significant contributor towards their spoilage. 


During the isolation and study of bacteria from fresh and frozen codfish we 
have very frequently observed a bacterial species which, so far as we know, has 
not been associated by other workers with the microflora of marine fish. Because 
of the frequency of its appearance and its activity in those reactions which 
contribute to spoilage, it seemed worthwhile to bring it to the attention of 
others interested in the microflora of fresh fish. 

These organisms, which have been isolated from fresh, frozen and stored 
fish, have the characteristics of Pseudomonas putrefaciens, originally described 
by Derby and Hammer (1931) and identified by them as the causal agent of 
“surface taint” of stored butter. 

It is a Gram-negative rod, motile with a single polar flagellum. Agar 
colonies are smooth, glistening, and have a brownish or reddish brown colour. 
On standing at room temperature cultures on agar slants lose their colour and 
die out quite rapidly. The colour of subsurface colonies is much more distinct 
than of those on the surface, frequently being a deep salmon red. They are 
best examined with a hand lens. B.C. P. (brom-cresol-purple) milk becomes 
strongly alkaline and in most cases is completely proteolysed. Indol is not 
formed. Nitrites are always formed from nitrates. Action on sugars is variable: 
Of the organisms isolated from fish about one-third were able to produce acid 
from sucrose, dextrose, or maltose; none produced acid from lactose. In sucrose 
agar stabs some of the cultures were acid below and strongly alkaline at the 
surface. Milk agar plates streaked with these organisms, developed the charac- 
teristic ‘‘sweaty-foot odour’’ observed by Wolochow et al. (1942). 

Apart from being frequently present on fresh fillets, there are certain charac- 
teristics which make these organisms particularly significant in the problems 
of fresh fish spoilage: They grow readily at 0° to 3°C. At these temperatures 
they are actively proteolytic and reduce trimethylamine oxide to trimethylamine. 
In this latter characteristic they differ from the green fluorescent species of 
Pseudomonas, which do not reduce trimethylamine oxide. Also they very 
rapidly reduce nitrites, which is significant in the case of nitrite-treated fillets. 
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DISTRIBUTION ON FISH PRODUCTS 


Cultures of Ps. putrefaciens have been isolated from the following fish 
products: Fresh cod fillets, cod fillets stored for five to twelve days at 3°C.; 
frozen fillets stored for six months at —13° and —23°C.; nitrite-treated fillets 
stored for six to twelve days at 3°C.; cod fillets stored in various brine solutions 
with concentrations from 4.5 to 15%. 

These organisms have not yet been isolated from sea water, but several 
cultures have been taken from surface contamination on round fish. They are 
not abundant in the initial flora of the freshly cut fillets, but if present to begin 
with, they multiply rapidly during storage in ice or at temperatures close to 
freezing. In several cases each of fresh fish, frozen fish, and nitrite-treated fish 
stored at 3°C., these organisms increased until they became the predominant 
species. 

When round fish are held in storage, some types of bacteria are much more 
active than others in penetrating the skin and coming in direct contact with the 
muscle beneath. The species of Pseudomonas have this characteristic. Tests 
with the normal flora of fish slime, and also with mass inoculations of pure 
cultures have shown that Ps. putrefaciens is one of the types that most rapidly 
penetrate the skin. 

Concentrations of sodium chloride up to 4 to 5% improved growth with 
cultures isolated from fish products. In fact, some of the strains produced little 
or no growth in culture media in the absence of sodium chloride. Concentrations 
above 8% in the fish muscle had a definite inhibiting action, but cultures have 


been recovered from fish after 22 days in 15% brine solutions at 25°C., although 
there was little evidence of active growth under these conditions. 
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Salmon and Eel Movement in Constant Circular Current 


By VioLa M. Davipson 
Central High School of Commerce, Toronto, Ont. 
(Received for publication October 1, 1948) 


ABSTRACT 


Underyearling salmon in a circular pond of moving water at 20-25°C. swam during the day 
and rested on the bottom at night. Before feeding they translocated actively upstream in rapid 
shallow water and in all directions in slow deep water. During feeding they held position in slow 
water, but made short excursions to seize food. After feeding, most moved into rapid, shallow 
water, the largest into the most rapid water. 

Translocating salmon usually went upstream and swam faster in more rapid water so that 
the rate of translocation remained constant. The rate of translocation increased with the size 
of the fish, more than doubling from 3 to 4 cm. in length. 

While steady illumination caused the salmon to swim up in the water from the bottom, a 
sudden change in light intensity when they were swimming, as by an object moving against the 
sky, caused them to swim quickly from shallow to deep water. 

Eels translocated upstream regularly only in the more rapid water, the swimming rate 
increasing with current rate. Eels 7 cm. long translocated almost twice as rapidly as salmon 3.5 
cm.long. Eels burrowed in the gravel in bright daylight, came out in the evening and translocated 
rapidly even at night when the salmon were resting. 


Since animals act in moving, the idea of purpose has usually been associated 
with their movements. Whether or not this is justifiable, the point of view 
adopted for the observations now to be recorded has been that of avoiding any 
preconceptions of that sort. The zoapocritic method (Huntsman 1948) has been 
followed of studying objectively the dynamic animal and its dynamic environment 
in order to discover the principles involved in the responses of the animal to what 
it faces. There does not seem to have been any comparable study for a fish. 

The observations were made at the Grand Lake Rearing Ponds of the 
Department of Fisheries at Wellington Station, Nova Scotia, under the direction 
of Dr. A. G. Huntsman, during the summer of 1947, with some additional obser- 
vations in 1948. The facilities and help given by Superintendent W. H. Cameron 
and by his assistants is gratefully acknowledged. 


THE POND 


The pond chosen for the study of salmon movement in 1947 was a circular 
one stocked with approximately 15,000 underyearling ‘‘lake’’ salmon eleven weeks 
old. It had a constant counter-clockwise current. There was no special reason 
for selecting this particular pond except its accessibility. 

The pond was 7.5 m. in diameter with a clay bottom overlaid with gravel, 
slightly coarser near the margin than in the middle. The margin of sod was fairly 
regular and the grass was cut often enough to prevent appreciable shadows being 
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cast upon the water deep enough for the fish. The pond was cleaned oncea week, 

or oftener if necessary, to remove algae from the bottom and from the screens 

about the outlet. The algal growth was thickest along the margin in shallow 

water and extended into the pond about 60 cm. The water entered the pond 

near the margin through a pipe 8 cm. in diameter, spreading first over a slab of 
jd oth iates ca, 
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Figure 1. Salmon-rearing pond, showing positions of stations for observation. 


cork about 1 m. in length. The water was drained from the pond at the centre 
through a pipe 10 cm. in diameter surrounded by a screened box 60 cm. square 
(fig. 1). 


WATER DEPTH 

The depth of the water in the pond was found by measuring the water at 
intervals of 30 cm. along four planks placed on two diameters at right angles to 
each other (fig. 1). The measurements for each set of four stations with corres- 
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ponding numbers were averaged (tab. I and fig. 4). The measurements were 
checked from time to time and the slight variations found were considered to be 
due to the weekly cleaning operations in the pond. 


TABLE I. Average depths of the water and average rates of current in the rearing pond at various 
distances from the outlet at the centre to the margin. 


Distance Depth Current 
(cm.) (cm.) (cm. per sec.) 
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RATE OF CURRENT 

Determination of the rate of the current in the various sections of the pond 
presented considerable difficulty. Slight irregularities in the margin or in the 
bottom set up local eddies. 

A small cork, 2.5 cm. in diameter, was weighted with a drag of adjustable 
length so as to float level with the surface of the water. The movement of this 
cork with the drag just off the bottom was timed through each quarter section of 
the pond in each of ten circuits spaced at intervals of 30 cm. along the radii 
(fig. 2). In addition, moving bubbles or small floating objects were timed in 
smaller sectors. 

The general picture (fig. 2) was that of the rate diminishing in a horizontal 
spiral from the inlet to the outlet. The water moved at approximately the same 
rate from the surface nearly to the bottom, except near the inlet where the surface 
water was more rapid. The part of the pond with, on the whole, the slowest 
water was just short of the region where the water from the inlet first exerted its 


effect. On the whole the current was strong in shallow water and weak in deep 
water (fig. 4). 


WATER TEMPERATURE 

Maximal and minimal daily temperatures over the period of the investi- 
gation (fig. 3) were taken from the records of a thermograph operated in the 
outflow from neighbouring ponds with the same water supply. A thermometer 
suspended in the pond was used for checking. In mid-afternoon on a hot day, 
which was usually the time of maximal temperature, the surface water showed 
no greater variation than $°C., the coldest water being near the intake. There 
was no appreciable variation in temperature with depth. 





SALMON 


FEEDING 

The salmon were fed minced liver and skim milk four times daily, except in 
extremely hot weather when the daily quantity was reduced. The times of 
feeding varied slightly but were approximately at 8.15 a.m., 11.30 a.m., 1.30 p.m. 


FicurE 2. Current rates throughout the pond in centimetres per second. 


and 4.30 p.m. The mixture was dipped from a bucket with a cup or large spoon 
and thrown on the surface of the water. 


GROWTH OF SALMON IN LENGTH 


For sampling the fish, a dip net was used in the deeper water and the fish 
transferred to a shallow pan. Measurements of at least twenty fish from each 
sample were made with a measuring trough constructed by Mr. Harley C. White. 
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By August 6 (tab. II, fig. 5) the maximal length was almost double the 
minimal. In a neighbouring pond of “‘lake’’ salmon of the same age there was 
less variation in length of the fish, but the average length with the same method 
of sampling was the same. 


TABLE II. Increase in lengths of underyearling salmon in the rearing pond in 1947. 


Date Individuals Average Maximum Minimum Increase 
(cm.) ; (cm.) (cm.) 





July 11... .49 i ‘ 
_- . 88 ; ; .39 


.96 ‘ : .08 
Aug. 6... .40 ‘ ; 44 
13 
.22 
13 
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FicurE 3. Daily maximal and minimal temperatures of the water supply to the rearing ponds 
during the summer of 1947. 


The lengths for August 19 and 23 were less than for August 13, there being 
only 0.04 cm. increase between August 6 and 23. Similarly lengths increased but 


slightly between July 22 and 29. Both of these periods of slow growth followed 
high temperatures (fig. 3). 


Day MOVEMENTS 

METHODS 

To obtain estimates of the numbers of salmon in various parts of the pond, 
the surface was divided into four sectors by four planks along two diameters at 
right angles to each other. Stations (termed slow-water stations) were marked 
off on the planks at intervals of 30 cm. and numbered from 1 to 10, beginning 
near the box around the outlet. The four of these plank stations with the same 
number constituted a set. The number of fish seen at each station over an area 
of approximately 15 cm. in diameter was counted as viewed vertically. If the 
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numbers were large and the fish moving rapidly, the counts were made by threes. 
At the same time, the percentages that were moving upstream, downstream, to 
right or left or were maintaining the same position with regard to the bottom 
were recorded. For convenience, movement over the bottom as contrasted with 
swimming to maintain position has been termed translocation (fig. 7). 

This method failed to give an adequate picture of the crowding of the fish 
into the fastest water near the margin and approaching the inlet at certain hours 
of the day. Additional rapid-water stations were, therefore, established on the 
outer’ parts of thirteen radii at intervals of 15°, half way around the pond begin- 
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Figure 4. Average depths of water (interrupted line) and the average current rates (solid line) 
in the pond from the centre to the margin. 


ning with the inlet pipe. There was a set of three stations on each radius, the 
first at the position of maximal current rate, the second and third, 30 cm. and 60 
cm. respectively, nearer the centre of the pond (fig. 1, a, b, c). The sets were 
numbered from 1 to 13 beginning with that nearest the inlet. The counting was 
done from the margin of the pond or from the nearest plank to avoid surface glare. 


OBSERVATIONS 

Salmon movement during the day seemed to be correlated primarily with 
feeding as follows: 

Before feeding. The fish were actively translocating in three ways, namely, 
(a) upstream in rapid deep water and to a less extent in the most rapid shallow 
water, (b) in all directions in slow water, and (c) forming groups or schools in a 
rapidly winding and unwinding spiral mass of fish below any small object at the 
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surface. The schooling grew more pronounced as the fish became larger. At 
this time swimming was rapid and the fish often darted about. 

During feeding. The fish were most abundant in quiet water at all depths, 
facing upstream, taking the food as it settled through the water and making short 
excursions to get it, often rising to the surface for the larger particles. 

After feeding. Within three to five minutes after being fed some of the fish 
stopped feeding and began to move to rapid water, facing upstream and main- 
taining position there by swimming at the current rate, and occasionally darting 
forward to more rapid water. In twenty minutes all feeding was apparently over 
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Ficure 5. Change in lengths of salmon during the summer of 1947. 


and the majority of the fish were massed together in the more rapid water. At 
this time, relatively few fish were in deep water near the box and those there were 
not translocating. The position of most fish of each size was roughly according 
to the length of the fish and the rate of the current, the largest being in the most 
rapid water closest to the intake. As the fish grew in length, progress toward 
the intake was noticeable. 

At the three stations, a, b, c, on the rapid-water radii, the numbers of fish 
increased from the margin inwards and all seemed to be swimming to maintain 
position. Those in the shallower, most rapid water were close to bottom but not 
apparently resting on it. 

It was observed that on a day when the second and third feedings were close 
together many fish remained in rapid water or moved very little into the feeding 
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TABLE III. Relation between salmon distribution and movement and the time of feeding. 
July 29, 1947, sky overcast. 


Fish (no.) in 
Time . | : Fish 
(feeding time —- al rapid-water | slow-water |translocating 
in italics) °F. | Ct) | stations stations % 

8.00 a.m. 
8.45“ | | | 
9.30 “ 169 114 
10.45 ‘ 271 
11.05 “ 
11.30 
30 p.m. 
40 * 
50“ | 12 
15 “ 
_— = 7 23. 26 
320 277 105 
30.“ 232 87 


-— 


400 164 





~ 


dl 


oC 


zone. However, when one near-noon feeding was omitted, the opposite was true. 

Approximately sixty to ninety minutes after a feeding, the salmon began to 
move into deeper and slower water, the larger fish usually deeper than the smaller. 
The prefeeding picture was soon restored. 

The numbers of fish in rapid water after being fed increased with successive 
feedings for the day, while the numbers in deep water, as well as the percentages 
migrating upstream, decreased with successive feedings (tab. III and fig. 7). 

Toward sunset and as evening approached, the movement toward deeper 
water increased. The fish wandered slowly about in slow water and often broke 
the surface as in feeding. Occasionally a salmon jumped clear of the surface. 
Movements of insects along the surface of the water, even bubbles, stimulated 
slight schooling. Similar behaviour was observed in early morning light. 

On stoppage of current. In 1948, the effect of stopping the inflow for 15 
minutes was determined. The current stopped only near the margin, decreasing 
at plank stations 9 and 10 to 4 cm. per sec. in 2 min., to 1.5 cm. per sec. in 10 min. 
and ceasing in 15 min. The larger fish (3.5 to 4.5 cm. long) that were massed 
together near the bottom in the faster water quickly responded to the change. 
They swam close to the surface and moved forward making their numbers in the 
previously rapid water greater and greater. Then they wandered to and fro in 
all directions, some of the largest fish going into deep water and back. If stoppage 
occurred when feeding was over, the fish that were massed in rapid water would 
break the surface into ripples as in feeding. This behaviour ceased when wan- 
dering became widespread. 


NiGHT MOVEMENTS 
A preliminary observation of night behaviour was made by flashlight at 3.00 
a.m. during full moon of July 4. The fish were found resting on the bottom 
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motionless. Short illumination had little effect but longer illumination stim- 
ulated them to rise in the water and hold position. There were more fish on the 
side of the pond opposite the inlet than near it. 

On July 23, a series of observations was made at 10.00 p.m., 11.00 p.m. and 
12.30 a.m., the source of light being a gasoline lantern with a steady, bright flame. 
At 10.00 p.m. the salmon were found resting on the bottom, with the maximal 
numbers in slowly moving water and with no visible orientation of the fish in the 
direction of the current. Those found on the bottom nearer the margin and in 
more rapid water were motionless but oriented upstream. The distribution of 
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Ficure 6. Relation between salmon distribution and movement and time of feeding as observed 
in the rearing pond. The broken line indicates the number of fish at the rapid-water stations; 
the solid line indicates the number of fish in deep water at 30 cm., 60 cm., and 90 cm. at the 
slow-water stations. The dotted line indicates the per cent of the fish that were translocating. 


the fish along the diameters was relatively the same as in a counting made at 7.45 
p.m. on that evening. After about one minute of illumination, the fish began to 
move up in the water toward the light, facing upstream but not translocating. 
Eels responded to the light more quickly than the salmon. The later observa- 
tions revealed the same arrangement but the light stimulus took increasingly 
longer to affect them. The response to light was more rapid in shallow water 
than in deep water. 

On August 4 a series of observations were made from sunset to 10.00 p.m. 
and from 5 a.m. to sunrise, with the following results: About 8.30 p.m. the sun 
disappeared behind the trees along the horizon and the evening was clear and 
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calm. The salmon were active, often coming to the surface, jumping out of the 
water and being easily disturbed by moving objects. About 9.25 p.m. jumping 
and feeding at the surface stopped suddenly, and quick observation with a flash- 
light revealed the fish settling down to the bottom but in slow haphazard motion 
and quite sensitive to artificial illumination. At 10.00 p.m. there was still a 
glimmer of light in the western sky and some starlight. Most of the fish were 


on’the bottom, scarcely moving at all, especially in deep water, and they reacted 
more slowly to illumination. 
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Ficure 7. Average speeds in swimming of translocating salmon and eels, and rates of the current 
in the same region of the pond. 


At 5.00 a.m., August 5, the moon was shining brightly and dawn was quite 
evident in the sky. There seemed to be more light than at 10.00 p.m. The 
salmon were found stationary on the bottom, few in deep water, more in shallow 
water on stones near the margin, but most in slowly moving middle water. Those 
in the swifter water, that is near the box and the margin of the pond, were facing 
upstream; those in quieter water were lying in all directions. Illumination with 
a flashlight caused them to stir about within a small radius. By 5.30 a.m. there 
was much daylight but insufficient to see the fish without a flashlight. The fish 
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were still on the bottom but more sensitive to light than earlier. By 5.45.a.m. 
it was just possible to see the brighter parts of the bottom and the fish were 
coming up rapidly. At 6.00 a.m. all were up in the water, moving about in a 
haphazard fashion in the slow water, and at the same rate as the current in more 
rapid water, facing upstream. Examination of neighbouring ponds not pre- 
viously disturbed revealed the same conditions. The sun rose over the trees 
about 6.30 a.m. 

On August 16, a cloudy morning with some fog, an observation was made 
at 5.30a.m. The fish were stationary on the bottom of the pond. By 6.00 a.m. 
they were beginning to rise, and there was just enough daylight for me to see them 
move into deeper water as I walked around the margin of the pond. Several 
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FiGuRE 8. Relation between length of salmon and its speed in swimming. 


broke the surface as in feeding. The upward movement was 15 minutes later 
than on the clear morning of August 5. 

The inactivity of the fish during the night reflects a relation of movement to 
light comparable to that observed in some Protozoa. Mast (1936) reported that 
Amoeba proteus became relatively inactive if kept for some time in very weak 
light, and, if the light were increased, it very gradually became more active. He 
claimed ‘‘this response was similar to the response to change in temperature and 
is primarily correlated with the magnitude of the change, not with the rate of 
change in intensity” (p. 574, a). The salmon gradually became active with il- 
lumination by the gasoline torch and with increasing daylight after they had been 
for some hours in darkness, starlight or moonlight. 
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TRANSLOCATION AND SWIMMING RATES 

Underyearling salmon tend to migrate upstream more than in any other 
direction. Occasionally fish allow themselves to drift downstream or they ac- 
tively swim downstream for short distances. When no translocation takes place 
and they are off bottom they must be swimming at the same rate as the current. 
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FicureE 9. Numbers of fish counted at rapid-water and slow-water stations at the same time of 
day in bright and cloudy weather. 


As previously stated, there were times during the day when the salmon were 
migrating upstream. Fish were clocked while proceeding at a fairly uniform rate 
along a region of measured length and current rate. 

It is apparent (tab. IV and fig. 7) that translocating salmon are stimulated 
to swim faster in more rapid water. In fact, the fish seem to swim about enough 
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faster in more rapid water (fig. 7) to make up for the increase in current. In 1948 
this matter was tested when the water inflow was shut off for 15 minutes. The 
deep water near the outlet decreased in speed from 3.0 to 1.1 cm. per sec. in 10 
min., and to less than 1 cm. per sec. in 15 min. The swimming speeds of fish of 
different sizes were measured with fast and slow current (tab. V). Fish of the 
same size moved over the bottom upstream at approximately the same rate irre- 
spective of the current rate. 

In the region near the outlet where most fish were timed in 1947, a record 
was kept of their sizes. The large fish swam faster than the small ones (tab. VI 
and fig. 8). This was corroborated by the observations made in 1948 (tab. V), 


which showed fish 4.0 cm. long translocating at more than twice the rate for those 
3.0 cm. long. 


TABLE IV. Average speeds in swimming of salmon and eels at various current rates 
in the rearing pond. 


Distance Average Salmon Eels 
from current 
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TABLE V. Translocating and swimming speed of salmon of different lengths in fast and slow 
current, as determined in 1948. 


Salmon 


Current Length Swimming Translocating 
(em. per sec.) No. (cm.) speed speed 
(cm. per sec.) | (cm. per sec.) 
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The eels translocated upstream regularly only in the more rapid water (fig. 7). 
Their rate also varied with the strength of the current and was almost twice that 
of the salmon at the same current rate, for eels 7 cm. long and salmon 3.5 cm. long. 


TABLE VI.° Relation of length of salmon to speed in swimming. 


Average length Salmon Average speed 
(cm.) (no.) (cm. per sec.) 





20 6 
20 5.7 
20 2% 
BRIGHT vs. CLoupy Days 

On very bright days the fish tended to linger in their upstream migration 
under the planks used’ to mark off the diameter of the pond, so much so that 
counts had to be made on both sides of the plank and averaged. This lingering 
in the shade did not hinder the fish from migrating into the faster water and 
remaining in full sunlight. From the total numbers of fish counted at the ten 
sets of slow-water stations on the four principal radii and at the thirteen sets of 
rapid-water stations (fig. 1) at corresponding times of day on bright and cloudy 
days (tab. VII, VIII and IX and fig. 9), there appears to be a slightly less pro- 
nounced movement into rapid water and larger numbers of fish in slow water on 
acloudy day. Since observations were made in contrasted weather with different 
water temperatures, the results are not conclusive. Experiments under controlled 
conditions are needed to study response to light intensity of different magnitudes. 


TABLE VII. Total numbers of fish counted in the rearing pond at ten sets of ‘‘slow-water”’ 
stations on the four principal radii and the thirteen sets of ‘“rapid-water’’ stations (fig. 1) 
on bright and cloudy days in 1947 with various temperatures at 5.30 p.m. 


July 26 July 29 August 4 August 19 
Bright Cloudy Bright Cloudy 
77°C. (25°C.) 74°F. (23.3°C.) 76°F. (24.4°C.) 72°F. (22.2°C.) 


Slow 


Rapid Slow Rapid 


Slow Rapid Slow Rapid 


27 g 33 3 39 7 36 3 
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TABLE VIII. 


Total numbers of fish counted in the rearing pond at ten sets of ‘“‘slow-water’’ 


stations on the four principal radii and the thirteen sets of “‘rapid-water’’ stations (fig. 1 
on bright and cloudy days in 1947 with various water temperatures at 9.30 a.m. 
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Total numbers of fish counted in the rearing pond at ten sets of ‘slow-water”’ 


stations on the four principal radii and the thirteen sets of ‘‘rapid-water’’ stations (fig. 1) 
on bright and cloudy days in 1947 with various temperatures at 8.00 a.m. and 7.00 p.m. 
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Rapip LIGHT CHANGES 


The behaviour of the salmon in light of rapidly changing intensity might be 
called a “‘shock reaction” (Mast 1936, p. 574). Mast found that the reaction of 
Amoeba varied greatly in rapidly increasing light intensity from ‘‘a momentary 
retardation in streaming in a localized region to a total cessation throughout the 
entire animal’”’. A sudden movement of a large or small object against the sky 
near or over the edge of the pond caused the fish to swim rapidly into deep water. 
A violent ‘‘shock”’ stimulated them to move in as far as the region of the slowest 
water from which the majority might not return to their former positions. If, 
however, the “‘shock”’ was slight and the movement only a short distance into 
slightly slower water, quick return to the former position was likely to take place. 
A rapidly moving shadow caused a fish translocating in deep water to increase its 
speed or to move slightly to right,or left. When the moving body became sta- 


tionary and continued to cast a shadow, no response to the decreased light inten- 
sity was apparent. 


EFFECT OF STRONG WIND 
During the exceedingly strong southwest winds of July 28 to 31, 1947, it was 
observed that more fish congregated on the side of the pool towards which the 


water was driven by the wind. It was particularly evident after the wind had 
been blowing for several hours. 


EELS 


During the whole investigation small eels were present in the rearing pond. 
The number varied from week to week because many were removed during the 
cleaning of the pond. Records were kept of their behaviour for comparison with 
the salmon. A large number were removed from the pond on August 11 and when 
measured averaged 9 cm. in length (7-13 cm.). A few even larger ones were seen 
in the deep water and may have been large enough to prey on the fish. 

They tended to burrow into the gravel and hide away during the day and 
suddenly appear at evening. They were in evidence earlier in the evening both 
on cloudy days and with cooler water than on bright warm days. At night they 
were found to be migrating rapidly when the salmon were quiet on the bottom 
and their rapid response to the light disturbed the salmon. Eels which remained 
visible during the day were usually in deep water, either lying motionless on the 
bottom or moving about in haphazard fashion, preying upon debris or burrowing. 
During feeding time those in the water often swam up to the surface to feed but 
no increase in their numbers at that time was observed. 


SUMMARY 


Underyearling salmon and small eels were observed in a circular rearing pond 
with water entering along the margin and leaving at the centre. The current was 
strongest at the inlet, diminishing around the pond near the margin and also 
in a horizontal spiral toward the centre, except that there was slight increase 
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on nearing the outlet. The temperature was for the most part between 20 and 
25°C. The salmon increased in average length from 3.49 to 4.44 cm. in 43 days. 

Before feeding (4 times per day) the salmon actively translocated upstream 
in rapid water, in all directions in slow water and in rapidly winding and un- 
winding masses in relation to small objects at the surface. During feeding, they 
faced upstream, holding position and moving from position in short excursions 
to seize the food particles. After feeding, the majority of the fish moved into the 
rapid water near the margin, the largest into the most rapid water. With suc- 
cessive feedings during the day, an increasing number became massed in the 
rapid water. Stopping the inflow of water for 15 minutes markedly decreased 
the peripheral current and the fish massed therein at first moved forward toward 
the inlet and then wandered to and fro. 

At night the salmon were chiefly in slowly moving water, resting on the 
bottom and variously oriented, but those in more rapid water were oriented up- 
stream and motionless. They rose toward a light after about a minute, facing 
upstream and holding position. 

The salmon, when translocating, usually went upstream, and they swam 
faster in more rapid water. Within certain limits the rate of translocation was 
constant irrespective of rate of current in fish of one size. Large fish translocated 
more rapidly than small ones, fish 4 cm. long at more than twice the rate for those 
3 cm. long. 

While the salmon swam in daylight and rested at night, a sudden change in 
light intensity, as made by an object moving against the background of the sky, 
caused the fish to swim rapidly to deep water, and the stronger the stimulus the 
inore pronounced was the movement. 

The eels translocated upstream regularly only in the more rapid water, and 
their rate of swimming increased with the rate of the current so that the rate of 
translocation was constant. Eels 7 cm. long translocated almost twice as rapidly 
as salmon 3.5 cm. long. 

The eels tended to burrow into the gravel bottom during bright daylight and 
to appear in the evening. Even at night they translocated rapidly when the 
salmon were resting on the bottom. 
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